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Minimize Confounds CAPD Diagnosis as established by an in-depth interview and case history, the individual's age and primary language, and by the specific deficits reported to be associated with specific clinical presentations (e.g. Cumming, Wilson, & Goswamil, 2015; Goll, Crutch, Loo, Rohrer, Frost et al, 2010) . In selecting tests, the audiologist must recognize that one symptom (e.g., understanding speech in noise) can result from many underlying central auditory processing deficits (e.g., temporal processing, localization, spatial release from masking, performance with competing/degraded auditory signals), as well as language processing or cognitive issues. The audiologist should select a battery of tests that assess the multiple central auditory processes potentially implicated in a patient's presenting complaints. Speech-in-noise or competition and dichotic listening tests would be obvious first line tests to examine difficulties hearing in noise. Similarly, compressed speech (a type of monaural low-redundancy measure) would be helpful to examine complaints of difficulty following rapid speech. The masking level difference (MLD), the Listening in Spatialized Noise-Sentences Test (LiSN-S) (Cameron & Dillon, 2007; Cameron et al, 2009) , and localization tasks would be useful to examine difficulties localizing sound and spatial processing difficulties. Frequency pattern and duration pattern tests (Musiek, 1994) , as well as the complex auditory brainstem response (cABR) may provide insights regarding music appreciation difficulties.
We discuss below tests and strategies to examine central auditory processing to minimize the influence of cognition and language. When cognitive or language processing deficits are suspected or confirmed, the audiologist should consider the use of auditory evoked potentials rather than behavioral auditory tests, interpreted within the context of multidisciplinary evaluations. Knowing which tests are available, their strengths and limitations, the processes assessed, task and response requirements, and the areas of the CANS to which each test is most sensitive provides the Chermak Minimize Confounds CAPD Diagnosis audiologist with critical information to assist in the differential diagnostic process. A summary of recommended tests and their strengths and weaknesses is provided in Table 1 . The remainder of this brief tutorial provides strategies to minimize confounding cognitive and language processing variables and accurately differentially diagnose CAPD. The audiologist and other members of the multidisciplinary team must determine whether a central auditory processing deficit (e.g., temporal resolution deficit) is adversely impacting attention, whether a more global attention deficit (e.g., faulty temporal synchronization of attention) is impeding central auditory processing, or both issues are impacting the patient's processing of acoustic signals. Similarly, the audiologist in cooperation with the speech-language pathologist and psychologist must determine whether reported listening difficulties result from an auditory problem, a language processing disorder, a cognitive deficit (e.g., attention, executive function, or working memory), or some combination of these deficits. While there is some disagreement between professional associations in the United States and European associations (e.g., the British Society of Audiology [BSA, 2011] ) as to the standard test battery to be used to diagnose CAPD, the two major sets of guidelines published by the American Speech-Language-Hearing Association (ASHA) and the American Academy of Audiology (AAA) present consistent positions and recommendations (i.e., AAA, 2010; ASHA, 2005) . Notwithstanding the potential interactions among auditory, linguistic, and cognitive factors, it is our position, as well as that of professional associations in the United States that listening difficulties seen in CAPD result primarily from auditory perceptual deficiencies rather than from global attention deficits or behavioral regulation deficits (AAA, 2010 (2015) and for reviews of studies examining the interaction between cognition and central auditory processing.
Controlling Extraneous Variables and Test Selection
In general, confounds can be minimized by controlling extraneous variables. The audiologist must select central auditory tests that are appropriate to the patient's age, education, linguistic background, and cognitive ability. One should consider task requirements, including the modalities used, and the task's language and cognitive demands. The patient's cultural and linguistic backgrounds also are important as these factors can affect response time and accuracy of verbal responses (Pimentel & Inglebret, 2014) . For example, individuals from some cultural backgrounds may pause for an extended period before responding to a stimulus item (Wallace, Inglebret, & Friedlander, 1997) . (Not surprisingly, the strategies and approaches reviewed here may be useful as well when testing non-native English speakers.) Selecting central auditory tests that Chermak Minimize Confounds CAPD Diagnosis are less influenced by peripheral hearing loss (e.g., frequency patterns, duration patterns) and
considering the influence of medications (e.g., central nervous system stimulants or depressants)
is important as well. Peripheral auditory function should be evaluated thoroughly prior to the central auditory evaluation (Iliadou et al, 2015) . Perhaps the single most important step in successful audiologic assessment of the child with diagnosed and medically-managed ADHD is to ensure that the child received an effective dose of medication immediately before the test session, since for children with diagnosed ADHD who are treated medically, valid audiologic assessment is difficult without medication (Chermak et al, 1999) . It is not uncommon, however, to see children diagnosed with ADHD who are not taking prescribed medication who nonetheless still perform within normal limits on central auditory processing tests, thereby confirming the absence of comorbid CAPD.
Behavioral tests using nonverbal or simple speech stimuli (e.g., frequency or duration patterns, gaps-in-noise, dichotic digits), as well as tests that minimize memory load, and employ a simple response mode (e.g., gap detection, masking level difference) reduce the influence of language and cognitive factors. The linguistic load of instructions also should be minimized to ensure the patient understands the task requirements. One might question why speech stimuli are used at all, given the potential confound with language. With few exceptions (e.g., Pediatric
Speech Intelligibility Test [Jerger & Jerger, 1984] ), most central auditory tests are not appropriate for use with children under seven years of age due to the extremely challenging nature of the tests and the large performance variability seen among children younger than seven years, despite normal auditory processing function. Young (7-9 years old) patients may attend less to nonspeech tasks, which are more abstract than speech tasks, which would inject a confound of Chermak Minimize Confounds CAPD Diagnosis inattention for non-speech stimuli. Moreover, speech and language signals provide access to different CANS processing mechanisms than do non-speech/language stimuli (Grossman et al, 2010) . Speech stimuli have greater ecological validity given the degree of temporal processing required for accurate perception of spoken language, which is significantly greater than required for perception of non-speech sounds (Fitch et al, 1997; Griffiths et al, 1999; Shannon et al, 1995; Zatorre & Belin, 2001 (Musiek, Baran, & Pinheiro, 1990; Musiek & Pinheiro, 1987) . If a patient can perform at some intensity level or can hum, but not label, the audiologist knows that the subject understands the directions and the task. Assessing performance in nonmanipulated conditions (e.g., monaural versus dichotic, non-filtered versus filtered, etc.) ensures that performance deficits seen on central auditory tests are due to the acoustic manipulations rather than to lack of familiarity with the language and/or significantly reduced memory skills. The use of electrophysiological measures also assists the audiologist in sorting out potential con- The influence of cognition on central auditory test performance is rather minimal. Correlations between central auditory tasks and attention are weak, accounting for minimal shared variance, which indicates that CAPD does not merely reflect attention deficits .
For some central auditory tests, no significant correlations are seen with attention, indicating that attention may play no significant role in some central auditory test outcomes (Gyldenkaerne et al, 2014; Shinn et al, 2005) . Nonetheless, in addition to following the approaches recommended above (i.e., ensuring that the patient understands the directions and the task, minimizing language load, and using a simple response mode) there are several other strategies that will minimize the cognitive demands of the task and thereby lessen the potential for cognitive confounds, allowing a more singular focus on auditory capacities.
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Before administering a central auditory test, the audiologist should ensure that the task does not exceed the patient's working memory capacity. For example, one should confirm that the patient's digit span exceeds the threshold level of four in a noncompeting condition (i.e., nonmanipulated condition) prior to presenting the stimuli in the dichotic, competing condition. This provides at least one within-patient control for possible confounding effects of cognition on central auditory test performance and assists in ensuring that any observed dichotic deficit is due more to the auditory processing of the dichotic competition rather than to generalized memory problems. In addition, as noted above, designing tests (e.g., LiSN-S) that rely on tasks that differ in the demands placed on central auditory processing skills, but differ minimally in the demands placed on cognitive abilities should produce performance more reflective of auditory function.
Dichotic testing offers an interesting opportunity to differentiate cognitive from auditory effects. Specifically, the directed report (DR) or divided-attention condition in which the patient repeats stimuli in one or both ears in a specified order correlates most closely with cognitive function, as this condition requires the listener to recruit additional cognitive (e.g., attention, memory) mechanisms to accurately perform the task. The free report (FR) condition in which the patient repeats stimuli directed to both ears, usually in any order, is less susceptible to cognitive confound, even though the paradigm may require the listener to report a greater number of stimuli (Cowell & Hugdahl, 2000; Hallgren et al, 2001; see Hugdahl et al, 2009 for review). While the role of cognition might not be directly extrapolated across dichotic tasks using different stimuli (e.g., Shinn et al., 2005) , performance decrements in the FR condition are more likely to be a consequence of true auditory perceptual asymmetries than are performance decrements in the DR condition. Nonetheless, the laterality indexes for the DR of dichotic digits and (non-rhyme)
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Minimize Confounds CAPD Diagnosis words follow a similar developmental trajectory (Moncrieff, 2011) , and similar to what is observed for CVs (Hugdahl et al., 2009) , directing attention to one ear strongly modulates the laterality index for digits and this modulation is cognitive dependent (Bouma & Gootjes, 2011) .
These findings support our assertion that for a given dichotic task, the DR mode depends more on cognitive resources that the FR condition. It should also be noted that the DR condition involves an additional degree of auditory complexity in that it requires lateralization of the stimuli.
This suggests that while DR is more cognitively dependent than FR, DR requires transfer of sounds across the corpus callosum and therefore still provides an index of sensory demands (Rauschecker & Tian, 2000) . Because the two report conditions tap into different underlying auditory processes (i.e., binaural integration v. binaural separation), and cognitive factors confound to different degrees, the use of both FR and DR conditions for the same stimuli, may, when administered and interpreted appropriately, provide useful insight into the specific auditory processes (i.e., binaural integration v. binaural separation) that are impacted by a given central auditory disorder. Jerger and Martin (2006) argued that using divided and directed attention dichotic listening procedures incorporating the same test stimuli may be helpful in sorting out the relative contributions of cognitive and auditory specific factors influencing interaural asymmetry, suggesting that auditory-specific deficits should lead to poor dichotic performance under both modes of administration (Martin et al., 2007) .
Language and Cognitive Screening
In addition to peripheral hearing testing prior to central auditory testing, it is helpful for the audiologist to have some sense of the language and cognitive function of patients seen for central (Wiig, Semel, & Secord, 2013) , the auditory backward and forward digit span subtest for working memory (Wechsler, 2014) , auditory vigilance (attention) (e.g., Integrated Visual and Auditory Continuous Performance Test (IVA-CPT) (Sandford & Turner 2009) , and nonverbal intelligence (e.g.,
Test of Nonverbal Intelligence (4th edition) TONI-4 (Brown, Sherbenou, & Johnsen, 2010) .
These screening tests must be administered by the member of the multidisciplinary team in whose scope of practice such testing falls. (Folstein et al, 1975) , and the 6-CIT (Cognitive Impairment Test) Kinghill Version (Brooke & Bullock, 1999) . Results of any of these cognitive screens should be interpreted with caution when CAPD or hearing loss is suspected as their results may be showing deficits that may be at least partly explained by these auditory disorders (Bush et al, 2015; Lin, 2011) . This potential confound underscores the importance of collaborating with the physician or psychologist that is administering the cognitive tests to ensure that the environment in which these cognitive tests are administered is as optimal acoustically as possible.
Use of Questionnaires
Questionnaires do not predict risk for CAPD and present only weak to moderate correlations with only certain central auditory measures in children (Wilson et al, 2011) . Questionnaires may be used to highlight concerns about a child, identify additional areas that require assessment, or Chermak Minimize Confounds CAPD Diagnosis supplement the diagnostic process, but not to determine whether a diagnostic central auditory processing assessment is warranted, nor do questionnaires differentially diagnose disorders (Tomlin et al, 2015; Iliadou & Bamiou, 2012) . Questionnaires lack sensitivity for a number of reasons that include: 1) lack of relevant range of items; 2) qualitatively similar symptoms of difficulty could result from many underlying causes besides CAPD; and 3) respondents' estimates of severity may be imprecise, and/or they might not be able to reliably gauge severity, and/or responses may be influenced by other factors, including respondents' interpretation of the question or their desire for a diagnosis (Tomlin et al, 2015) . However, adult studies in both neurological The purpose of this brief tutorial was to provide audiologists with strategies to minimize confounding cognitive and language processing variables and accurately differentially diagnose CAPD. We suggest that audiologists select central auditory tests that are appropriate to the patient's age, education, linguistic and cultural background, and cognitive ability and select central auditory tests with low language and cognitive demands. Prior to central auditory testing, we recommend that other professionals be engaged to assess an individual's basic cognitive function and language skills (the latter being particularly important with children). In addition to selecting tests with minimal cognitive and linguistic demands, we suggest intra-subject (e.g., inter-aural) and intra-test (e.g., hum v. label) comparisons to further minimize confounds. Proper test selection and use of the strategies recommended here will help the audiologist and other members of the multidisciplinary team determine the source(s) of listening difficulties and other functional deficits. The audiologist in cooperation with the speech-language pathologist and psychologist must determine whether reported listening difficulties result from an auditory problem, a language processing disorder, a cognitive deficit (e.g., attention, executive function, or working memory), or some combination of these deficits. The strategies and approaches reviewed here are useful to minimize confounds; however, they are not intended as a substitute for appropriately normed tests with documented sensitivity, validity, and reliability with such populations.
When behavioral audiometric findings remain incomplete, inconclusive, or invalid despite the implementation of the approaches recommended in this tutorial, the audiologist may rely more on electrophysiological techniques, as well as findings provided by other multidisciplinary team Chermak Minimize Confounds CAPD Diagnosis members to determine the relative contributions of cognition, language processing, and auditory processing to educational, workplace, and everyday functional listening demands, and develop intervention plans. The reader is referred to Chermak (2013) and Chermak and Bellis (2014) for detailed discussions of differential diagnosis of CAPD and attention deficit hyperactivity disorder.
